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(54) METHOD FOR ISOLATING DNA 

(57) A method for isolating DNA comprising: (A) 
feeding into a column provided with a DNA-binding car- 
rier on a membrane filter a solution which contains a 
biological sample containing a salt, a cationic surfactant 
and a DNA and in which the concentration of the salt is 
not lower than the precipitation inhibition starting con- 
centration and thus making the DNA contained in the 
biological sample to bind to the DNA-binding carrier; (B) 
sucking off the solution from the column and separating 
the carrier having the DNA bound thereto from other 
components; (C) feeding a DNA-dissociating solution 
into the column to thereby dissociate the DNA from the 
carrier; and (D) sucking off the dissociation solution 
from the column and taking up the solution containing 
the dissociated DNA. According to this method, a puri- 
fied DNA can be taken up in a high yield without resort 
to any pretreatment of a biological sample. 
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Descrlptl n 

Technical Field 

[0001] The present invention relates to a method for 
isolating DNA comprised in biological samples such as 
blood, cells and biological tissues. 

Background of the Invention 

[0002] Transformation of microorganisms such as 
Escherichia coli and the like, the culturing of the result- 
ing transformant, and the recovery of a desired plasmid 
DNA from the proliferating transformant have been car- 
ried out routinely in the field of genetic engineering. For 
the purpose of collecting DNA information concerning 
cancer and genetic diseases and using the DNA infor- 
mation for diagnosis, additionally, DNAs comprised in 
biological samples such as blood, cells and biological 
tissues are recovered. 

[0003] The method for more simply recovering and 
purifying plasmid DNAs from transformants includes, for 
example, methods described in Japanese Patent Laid- 
open No. 360686/1992, Japanese Patent Laid-open No. 
23976/1996, R. Room et al., J. Clin. MicroBiol. Vol. 28, 
No. 3, p. 495-503, and Japanese Patent Laid-open No. 
250681/1995. 

[0004] Among them, the chaotropic ion method 
described in R. Room et al., J. Clin. MicroBiol. Vol. 28, 
No. 3, p. 495-503 is an excellent method for isolating 
DNA alone, comprising separating RNA and DNA com- 
prised in microorganisms from each other by using a 
DNA-adsorbing carrier and a chaotropic solution in 
combination. This method is also described by the Jap- 
anese Patent Laid-open No. 250681/1995 wherein the 
purification of only DNA from a microbial organism is 
carried out using two kinds of cartridges. 
[0005] When the chaotropic ion method was used 
for biological samples such as blood, cells and biologi- 
cal tissues as subjects, DNAs comprised in these bio- 
logical samples could never be isolated without 
preliminary treatment of the biological samples, differing 
from the case of microorganisms. When carrying out 
the isolation of DNA comprised in blood, proteins are 
also captured on the carrier by the chaotropic ion 
method, so that the DNA cannot be efficiently isolated 
or recovered. 

[0006] A known method for DNA isolation from such 
biological samples different from the chaotropic ion 
method is that using cationic surfactants. 
[0007] A method for precipitating DNA comprised in 
blood in the presence of 0.5 to 0.6 M sodium chloride 
and a cationic surfactant alkylbenzyldimethylammonium 
salt is disclosed in (U.S. Patent No. 5,010,183). 
[0008] Using this method, however, DNA cannot be 
recovered, when blood is used as the biological sample 
without any preliminary treatment (separation) or the 
like. The method requires preliminary treatment, for 



example leukocyte separation from blood. Furthermore, 
DNA yield or purity is not high. 
[0009] It is an object of the present invention to pro- 
vide a method for recovering purified DNA at a high 
5 DNA yield, using a biological sample without prelimi- 
nary treatment. 

[0010] It is an additional object of the invention to 
provide a method for recovering purified DNA at a high 
DNA yield, using a biological sample without prelimi- 
w nary treatment, wherein the method does not require 
complicated procedures such as centrifugaiion or 
extraction but requires the use of apparatuses of sim- 
pler structures and less procedures, so that the method 
can be automated. 

15 

Summary of the Invention 

[0011] The invention relates to a method (first 
method) for isolating DNA comprised in a biological 
20 sample, comprising 

(a) a step of putting a lysing solution, comprising a 
DNA-containing biological sample, a salt, and a cat- 
ionic surfactant, and having a salt concentration the 

25 same or higher than the concentration initiating the 
inhibition of DNA precipitation (hereinafter referred 
to as precipitation inhibition-initiating concentration) 
into contact with a DNA-binding carrier to allow the 
DNA comprised in the biological sample to bind to 

30 the DNA-binding carrier; 

(b) a step of separating the DNA-bound carrier from 
other components; 

(c) a step of dissociating the bound DNA from the 
separated carrier; and 

35 (d) a step of recovering the dissociated DNA. 

[0012] Furthermore, the invention relates to a 
method (second method) for isolating DNA comprised 
in a biological sample, comprising 

40 

(A) a step of supplying a solution, comprising a 
DNA-containing biological sample, a salt, and a cat- 
ionic surfactant, and having a salt concentration the 
same or higher than the precipitation inhibition-initi- 

45 ating concentration , into a column with a DNA- 
binding carrier arranged on a membrane filter, said 
membrane having a solution retention potency and 
a solution permeation potency under aspiration, to 
allow the DNA in the biological sample to bind to the 

so DNA-binding carrier; 

(B) a step of separating the DNA-bound carrier from 
other components, by removing the lysing solution 
under aspiration from the column; 

(C) a step of supplying a DNA-dissociating solution 
55 into the column, to dissociate DNA from the carrier; 

and 

(D) a step of recovering a solution comprising the 
dissociated DNA, by separating the dissociating 
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solution under aspiration from the column. 

Brief Description of the Drawings 

[0013] 5 

Fig. 1 is a graph depicting the relation between the 
salt concentration and absorbance at 260 nm, as 
observed in a reference example; and 
Fig. 2 shows the electrophoresis results observed io 
in Example 2. 

Preferable Embodiments for Carrying out the Invention 
DNA isolation method (first method) 

15 

[0014] At the step (a), a lysing solution, comprising 
a DNA-containing biological sample, a salt and a cati- 
onic surfactant, and having a salt concentration the 
same or higher than the precipitation inhibition-initiating 
concentration is put into contact with a DNA-binding 20 
carrier to allow the DNA comprised in the biological 
sample to bind to the DNA-binding carrier. The incuba- 
tion time of contact with the DNA-binding carrier is 
determined appropriately, depending on the composi- 
tion and amount of the lysing solution and the kind and 25 
amount of the DNA-binding carrier, but generally, about 
3 to 5 minutes are sufficient for the incubation time. 
Additionally, the incubation can be carried out without 
heating, but if necessary under appropriate heating, 
preferably, under condition such that the denaturation of 30 
DNA can be avoided. 

[0015] The DNA-containing biological sample may 
be, for example, blood, a cell or a biological tissue. The 
cell may be a eucaryotic cell or a bacterial cell. Blood is 
a biological sample with laborious handleability, so that 35 
the isolation of DNA from blood is difficult by conven- 
tional methods. According to the method of the inven- 
tion, DNA can be isolated therefrom. The concentration 
of a DNA-containing biological sample in the lysing 
solution can appropriately be determined, depending on 40 
the kind of the biological sample, the composition of lys- 
ing solution and the kind of the DNA-binding carrier 
used. 

[0016] The cationic surfactant includes, for exam- 
ple, at least one surf actant selected from the group 45 
consisting of ceryltrimethylammonium bromide, tetrade- 
cyltrimethylammonium bromide, dodecyltrimethylam- 
monium bromide, and cetylpyridinium bromide. 
However, the cationic surfactant is not limited to these 
surfactants. Additionally, the concentration of the cati- so 
onic surfactant is determined, taking into account the 
critical micelle concentration, which is generally within a 
range of 0.01 to 10%. 

[0017] The salt may be an inorganic acid salt (for 
example, chloride, nitrate, sulfate, phosphate, and the 55 
like) and an organic acid salt (for example, acetate, cit- 
rate and the like). More specifically, the salt includes 
NaCI and other salts (for example, all salts of Na, K, and 
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Li, in combination with CI, Br, acetic acid, and formic 
acid). 

[0018] At the step (a), the salt cone ntration of the 
solution comprising a DNA-containing biological sam- 
ple, a salt, and a cationic surf actant is s t up above the 
DNA precipitation inhibition-initiating concentration. The 
DNA comprised in the solution can thereby be selec- 
tively bound to the DNA-binding carrier. The precipita- 
tion inhibition-initiating concentration varies, depending 
on the kind of salt comprised in the solution; and also 
depending on the kinds and concentrations of other 
components, even in case that the same salt is com- 
prised. Therefore, the precipitation inhibition-initiating 
concentration can appropriately be determined for each 
salt. In case of sodium chloride, for example, the precip- 
itation inhibition-initiating concentration is about 0.6 M, 
as described below. 

[0019] Taking into account the binding efficiency of 
DNA comprised in the solution to the DNA-binding car- 
rier, the salt concentration of the solution is preferably 
between the same and 2-fold concentration of the pre- 
cipitation inhibition-initiating concentration or the salt 
concentration for solubilizing the total DNA, whichever 
is the higher. Like the precipitation inhibition-initiating 
concentration, the salt concentration for solubilizing the 
total DNA varies, depending on the kind of the salt com- 
prised in the solution; and also varies depending on the 
kinds and concentrations of other components, even in 
case that the same salt is comprised. Therefore, the salt 
concentration can appropriately be determined for each 
salt. In case of sodium chloride, for example, the salt 
concentration for solubilizing the total DNA is about 0.8 
M, as described below. 

[0020] In case that the biological sample comprises 
at least linear double-stranded DNA and linear single- 
stranded DNA, the linear double-stranded DNA selec- 
tively binds the DNA-binding carrier at the step (a), and 
is selectively isolated from the biological sample. In this 
case, a solution additionally comprising a hydrogen 
bond-cleaving agent is preferably used as the lysing 
solution. The hydrogen bond-cleaving agent includes 
for example urea and formaldehyde. The concentration 
of urea may be for example 10 % (w/v) or more. 
[0021] The DNA-binding carrier includes a mesh fil- 
ter, beads or a powder, comprising a material selected 
from the group consisting of glass, silica gel, anion 
exchange resin, hydroxyapatite and celite. 
[0022] At the step (b), the DNA-bound carrier is fil- 
tered or centrifuged, and subsequently, the resulting 
carrier is washed with a rinse solution having a salt con- 
centration higher than the precipitation inhibition-initiat- 
ing concentration, to separate the DNA-bound carrier 
from other components. The rinse solution has prefera- 
bly a salt concentration between the same and 2-fold 
concentration of the precipitation inhibition-initiating 
concentration or the salt concentration for solubilizing 
the total DNA, whichever is the higher. Furthermore, the 
carrier is preferably washed sequentially in a rinse solu- 
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tion comprising an aqueous solution comprising a cati- 
onic surfactant and in a rinse solution comprising an 
aqueous solution comprising a volatile organic solvent. 
The use of th rinse solution comprising an aqu ous 
solution comprising a cationic surf actant enables the 
removal of impuriti s from the carrier, and then the use 
of a rinse solution comprising an aqueous solution com- 
prising a volatile organic solvent enables the removal of 
the cationic surfactant from the carrier. Herein, the vola- 
tile organic solvent is preferably ethanol because dena- 
turation of the DNA bound to the carrier is avoidable and 
rapid evaporation after washing can be carried out. 
[0023] After washing, the carrier can be dried, if 
necessary, but excess drying occasionally prevents the 
dissociation of the DNA bound to the carrier. 
[0024] The rinse solution and/or the lysing solution 
is preferably a solution comprising glycerol, in order to 
avoid the adsorption of the DNA-binding carrier to each 
other, which causes difficulty in handling. The amount of 
glycerol to be added is for example within a range of 1 
to 50 %. 

[0025] At the step (c), the separated carrier is mixed 
with a lysing solution with the conditional composition 
for solubilizing DNA, to dissociate the bound DNA from 
the carrier. The lysing solution with the conditional com- 
position for solubilizing DNA may be, for example, water 
or heated water, while the temperature of the heated 
water is a temperature appropriately selected for 
prompt solubilization of DNA. 

[0026] At the step (d), a mixture of the solution com- 
prising the dissociated DNA and the carrier is subjected 
to solid-liquid separation, to recover the dissociated 
DNA in the form of a solution. The solid-liquid separa- 
tion may be, for example, centrifugation or filtration. 

DNA isolation method (second method) 

[0027] At step (A), a solution comprising a DNA- 
containing biological sample, a salt, and a cationic sur- 
factant having a concentration of the salt higher than the 
precipitation inhibition-initiating concentration, is sup- 
plied to a column with a DNA-binding carrier arranged 
on a membrane filter, the filter having a solution reten- 
tion potency and a solution permeation potency under 
aspiration, to allow the DNA in the biological sample to 
bind to the DNA-binding carrier. 
[0028] The second method of the invention has 
many steps substantially in common to the first method, 
except for the use of a column in which the DNA-binding 
carrier is arranged on the membrane filter, the filter hav- 
ing a solution retention potency and a solution permea- 
tion potency under aspiration. 

[0029] The above column is satisfactorily a single 
pipe (tube) with one opening arranged with the mem- 
brane filter or a plate of a constant thickness with multi- 
ple through-holes arranged therein and with a 
membrane filter arranged over one opening of each 
such through-hole. In the latter case, DNA isolation from 



multiple samples comprising DNA can be carried out 
concurrently in multiple columns arranged through a 
plate, so that various samples can advantageously be 
treated rapidly. 

5 [0030] The DNA-binding carrier includes a mesh fil- 
ter, beads or a powder, comprising a material selected 
from the group consisting of glass, silica gel, anion 
exchange resin, hydroxyapatite and celite. 
[0031] Additionally, the membrane filter has a solu- 

w tion retention potency and a solution permeation 
potency under aspiration, in other words, the mem- 
brane filter has a performance such that the solution 
can be retained on the membrane filter under no aspira- 
tion, while the retained solution is discharged through 

15 the membrane filter by aspiration from the side opposite 
to the side for the retention of the solution. By using 
such membrane filter, advantageously, the incubation 
time of the DNA-binding carrier with the DNA-containing 
solution, the discharge of the solution, the washing and 

20 the like can be carried out under control. Particularly 
because no centrifugation is required for solid-liquid 
separation, advantageously, the method can readily be 
automated. 

[0032] The incubation time in contact with the DNA- 
25 binding carrier can appropriately be determined, 
depending on the composition and amount of the lysing 
solution, and the kind and amount of the DNA-binding 
carrier, but generally, about 3 to 5 minutes are sufficient 
for the incubation time. Additionally, the incubation can 
30 be carried out with no heating, but if necessary can be 
carried out under appropriate heating, preferably, under 
condition such that the denaturation of DNA can be 
avoided. 

[0033] The DNA-containing biological sample may 

35 be, for example, blood, a cell or a biological tissue. The 
cell may be a eucaryotic cell or a bacterial cell. Blood is 
a biological sample with laborious handleability, so that 
DNA isolation from blood is difficult by conventional 
methods. According to the method of the invention, 

4o DNA can be isolated therefrom. The concentration of a 
DNA-containing biological sample in the lysing solution 
can appropriately be determined, depending on the kind 
of the biological sample, the composition of the lysing 
solution and the kind of the DNA-binding carrier. 

45 [0034] The cationic surfactant includes, for exam- 
ple, at least one surfactant selected from the group con- 
sisting of cetyltrimethylammonium bromide, 
tetradecyltrimethylammonium bromide, dodecyltrimeth- 
ylammonium bromide, and cetylpyridinium bromide. 

so However, the cationic surfactant is not limited to these 
surfactants. Additionally, the concentration of the cati- 
onic surfactant is determined, taking into account the 
critical micelle concentration, which is generally within a 
range of 0.01 to 10%. 

55 [0035] The salt may be an inorganic acid salt (for 
example, chloride, nitrate, sulfate, phosphate and the 
like) and an organic acid salt (for example, acetate, cit- 
rate and the like). 
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[0036] At the step (A), the salt concentration of the 
solution comprising a DNA-containing biological sam- 
ple, a salt, and a cationic surfactant is set up above the 
DNA precipitation inhibition-initiating concentration. The 
DNA comprised in the solution can thereby be bound to 
the DNA-binding carrier selectively. The precipitation 
inhibition-initiating concentration varies, depending on 
the kind of the salt comprised in the solution, and also 
varies depending on the kinds and concentrations of 
other components, even in case that the same salt is 
comprised. Therefore, the precipitation inhibition-initiat- 
ing concentration can appropriately be determined for 
each salt. In case of sodium chloride, for example, the 
precipitation inhibition-initiating concentration is about 
0.6 M, as described below. 

[0037] Taking into account the binding efficiency of 
DNA comprised in the solution to the DNA-binding car- 
rier, the salt concentration is preferably between the 
same and 2-fold concentration of the precipitation inhi- 
bition-initiating concentration or the salt concentration 
for solubilizing the total DNA, whichever is the higher. 
Like the precipitation inhibition-initiating concentration, 
the salt concentration for solubilizing the total DNA var- 
ies, depending on the kind of the salt comprised in the 
solution; and also varies depending on the kinds and 
concentrations of other components even in case that 
the same salt is comprised. Therefore, the salt concen- 
tration can appropriately be determined for each salt. In 
case of sodium chloride, for example, the salt concen- 
tration for solubilizing the total DNA is about 0.8 M, as 
described below. 

[0038] In case that the biological sample comprises 
at least linear double-stranded DNAs and linear single- 
stranded DNAs, the linear double-stranded DNA selec- 
tively binds the DNA-binding carrier at the step (A), and 
is selectively isolated from the biological sample. In this 
case, a solution additionally comprising a hydrogen 
bond-cleaving agent is preferably used as the lysing 
solution. The hydrogen bond-cleaving agent includes 
for example urea and formaldehyde. The concentration 
of urea may be for example 10 % (w/v) or more. 
[0039] At the step (B), the DNA-bound carrier is 
separated from other components, by removing the lys- 
ing solution. The DNA-bound carrier is separated by fil- 
tration through the membrane filter under aspiration 
from the column, and the resulting carrier is washed 
with a rinse solution having a salt concentration higher 
than the precipitation inhibition-initiating concentration. 
The rinse solution has preferably a salt concentration 
between the same and 2-fold concentration of the pre- 
cipitation inhibition-initiating concentration or the salt 
concentration for solubilizing the total DNA, whichever 
is the higher. Furthermore, the carrier is preferably 
washed sequentially in a rinse solution comprising an 
aqueous solution comprising a cationic surfactant and 
in a rinse solution comprising an aqueous solution com- 
prising a volatile organic solvent. The use of the rinse 
solution comprising an aqueous solution comprising a 



cationic surfactant enables the removal of impurities 
from the carrier, and then the subsequent use of the 
rinse solution comprising an aqueous solution compris- 
ing a volatile organic solvent enables th removal of the 

5 cationic surfactant from the carrier. Herein, the volatile 
organic solvent is preferably ethanol because denatura- 
tion of the DNA bound to. the carrier is avoidable and 
rapid evaporation after washing can be carried out. 
[0040] After washing, the carrier can be dried, if 

w necessary, but excess drying occasionally prevents the 
dissociation of DNA bound to the carrier. 
[0041] The rinse solution and/or the lysing solution 
is preferably a solution comprising glycerol, in order to 
avoid the adsorption of the DNA-binding carrier to each 

15 other, which causes difficulty in handling. The amount of 
glycerol to be added is for example within a range of 1 
to 50 %. 

[0042] At the step (C), DNA is dissociated from the 
carrier, by supplying a DNA-dissociating solution to the 

20 column. The separated carrier is mixed with a lysing 
solution with the conditional composition for solubilizing 
DNA, to dissociate the bound DNA from the carrier. The 
lysing solution with the conditional composition for solu- 
bilizing DNA may be for example water or heated water, 

25 while the temperature of the heated water is a tempera- 
ture appropriately selected for prompt solubilization of 
DNA. 

[0043] At the step (D), a solution comprising the 
dissociated DNA is recovered, by separating the disso- 
30 dating solution from the column under aspiration. 

[0044] The second method of the invention is 
advantageous in that the method can be promptly auto- 
mated, because the separation of the solution from the 
carrier can be done by filtration under aspiration. 

35 

Examples 

[0045] The invention is further described in the fol- 
lowing examples. 

40 

Reference Example (Measurement of precipitation inhi- 
bition-initiating concentration) 

[0046] Solution composition 

45 

Oto 1.5 M NaCI 
30 mM Tris (pH 8.5) 
15 mM EDTA 

0.5 % CTAB (cetyltrimethylammonium bromide) 
so Genomic DNA 50 u.g/ml 

[0047] Individual solutions with the aforementioned 
composition at NaCI concentrations increasing in 0.05 
M increments from 0 to 1 .5 M were prepared; and start- 
55 ing of precipitation was observed. Aft r subsequ nt 
centrifugation and supernatant discarding, the resulting 
precipitate was again dissolved in water; so as to assay 
the quantity of DNA, the absorbance at 260 nm was 
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measured. The results are shown in Fig. 1. The concen- 
tration at which the precipitation started was defined as 
precipitation start concentration; and the concentration 
at which the amount of precipitate was retained con- 
stant was defined as the precipitation inhibition-initiating 5 
concentration of the solution. The precipitation start 
concentration of the solution was 0.7 M and the precipi- 
tation inhibition-initiating concentration was 0.6 M. 

Example 1 '0 
[0048] 

1 ) 750 ul of lysing solution A with the following com- 
position were added to whole blood of 300 \i\ (for a 15 
microfilter of Eppendorf tube size). 

Lysing solution A: 

Urea 25 % (w/v) 

CTAB (cetyltrimethylammonium bromide) 0.45 20 
% 

NaCI 0.8 M 
EDTA 1 5 mM 
Tris pH 7.1,80 mM 

Glycerol 10% (v/v) 25 
Diatomaceous earth (manufactured by Sigma, 
Co.; acid rinsed and calcined) 1 % (w/v) 
Cellulose (manufactured by Sigma, Co.; alpha- 
cellulose) 0.3% 

Glycerol advantageously allows the easy 30 
manipulation of silica matrix and avoids the 
packing thereof. 

The solution comprises a DNA-binding matrix 35 
and was agitated with a magnetic stirrer prior to 
use. The DNA-binding matrix was dissolved 
together with inert matrices, so as to allow the 
prompt resuspension of the DNA-binding matrix per 
se and thereby enhance the reproducibility of the 40 
extraction. 

After addition of the lysing solution, the mixture 
was completely mixed together by inversion or 
weak agitation. The solubilization reaction can be 
carried out at room temperature or under mild heat- 45 
ing, namely at 37 °C. The length of the incubation 
was 5 minutes. 

2) The mixture solution was transferred on an 
appropriate filter, which was then subjected to 
reduced pressure. The transfer of the whole lysing so 
reaction solution on the filter enables the simplifica- 
tion of the manipulation. Finally, the contaminating 
substances were washed off, so that DNA was 
retained on the DNA-binding matrix. 

3) Rinse solution A of 900 u.l having the following 55 
composition was added to the filter. The volume 
900 u.l of the rinse solution A to fill the filter funnel 
was a sufficient volume to completely wash the 
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whole filter. Under reduced pressure, the rinse solu- 
tion was removed. Through this step, the residual 
contaminants present in the filter wer removed. 
This step can optionally be repeated. The reproduc- 
ibility of the manipulation can thereby be enhanced. 
Rinse solution A: 

Urea 25% 
CTAB 0.45 % 
NaCI 0.55 M 
EDTA 1 5 rnfvl 
Tris pH 7.1,80mM 
Glycerol 10% (v/v) 

4) After the removal of the liquid phase, 900 u,l of 
rinse solution B were added to the filter. The cati- 
onic' detergent can be removed from the filter and 
from the DNA-binding resin, by using the rinse solu- 
tion B (alcoholic saline). After the addition of the 
solution the incubation for several minutes (2 to 4 
minutes) was carried out, so as to promote com- 
plete ion exchange prior to application of reduced 
pressure. This step can be repeated, optionally, so 
as to raise the reproducibility of the manipulation. A 
reduced pressure was applied until the rinse solu- 
tion was removed. Optionally, the filter was further 
washed with 70 % ethanol, satisfactorily, so as to 
totally remove the trace amount of the salts contam- 
inating in the rinse solution B. 

Additionally 900 u.1 of the rinse solution B were 
added, followed by incubation at room temperature 
for 4 minutes. The rinse solution was removed by 
re-application of reduced pressure. 
Rinse solution B: 

Triton X1 00, 0.069% 
Tris, pH 8.5, 300 mM 
EDTA 7.5 mM 
NaCI 600 mM 
Sodium acetate 600 mM 
Glycerol 30 % (v/v) 

(A 2-fold volume of ethanol was added to the resulting 
solution prior to use, to adjust the solution to a final eth- 
anol concentration of 66 %.) 

5) The filter comprising the biological sample was 
dried under reduced pressure and in aeration for 3 
to 5 minutes, until ethanol was removed (optionally, 
instead of this step, centrifugation process was sat- 
isfactorily carried out). 

6) 50 to 100 uJ of water (preliminarily heated to 60 
or 70 °C) were added to the filter. The filter was 
transferred in a centrifuge tube. The contents were 
mixed until the DNA-binding matrix turned into fine 
particles by agitation (this procedure is sometimes 
an important step); incubated at room temperature 
for 2 minutes and centrifuged in a micro-centrifugal 
machine for 30 seconds. The isolated and resus- 
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pended DNA can be used as it is. sue. 



Total time: 10 to 25 minutes, depending on th 
application of such optional steps. 

Example 2 

[0049] DNA was isolated in the same manner as in 
Example 1, except for the modification of the NaCI con- 
centration in the lysing solution between 0 and 1.8 M. 
The aqueous resuspended DNA solution was electro- 
phoresed. The results are shown in Fig. 2. Conse- 
quently, it is indicated that DNA was isolated well at a 
NaCI concentration within a range of 0.6 to 1.0 M. 
Within a range of 0 to 0.4 M, the resulting DNA was con- 
taminated with the protein in the biological sample, indi- 
cating that the purification was insufficient. In case that 
the NaCI concentration was 1.2 M or more, no DNA 
could be recovered. This was possibly ascribed to no 
adsorption of DNA on the carrier. 
[0050] In accordance with the invention, a method 
for recovering purified DNA at a high DNA yield using 
biological samples without preliminary treatment can be 
provided. 

[0051] The inventive method does not require com- 
plicated procedures such as centrifugation or extraction 
but requires the use of apparatuses of simpler struc- 
tures and less procedures so that the method can be 
automated, if necessary. 

Claims 

1. A method for isolating DNA contained in a biologi- 
cal sample, comprising 

(a) a step of putting a lysing solution, compris- 
ing a DNA-containing biological sample, a salt 
and a cationic surfactant, and having a salt 
concentration higher than the DNA precipita- 
tion inhibition-initiating concentration, into con- 
tact with a DNA-binding carrier to allow the 
DNA in the biological sample to bind to the 
DNA-binding carrier; 

(b) a step of separating the DNA-bound carrier 
from other components; 

(c) a step of dissociating the bound DNA from 
the separated carrier; and 

(d) a step of recovering the dissociated DNA. 

2. A method according to claim 1, wherein the salt 
concentration of the lysing solution is between the 
same and 2-fold concentration of the DNA precipi- 
tation inhibition-initiating concentration or the salt 
concentration for solubilizing the total DNA, which- 
ever is the higher. 

3. A method according to claim 1 or 2, wherein the 
biological sample is blood, a cell or a biological tis- 



4. A method according to any on of claims 1 to 3, 
wherein the cationic surfactant comprises at least 
s one surfactant selected from the group consisting 
of cetyltrimethylammonium bromide, tetradecyltri- 
methylammonium bromide, dodecyltrimethylammo- 
nium bromide, and cetylpyridinium bromide. 

w 5. A method according to any one of claims 1 to 4, 
wherein the biological sample comprises at least 
linear double-stranded DNA and linear single- 
stranded DNA and wherein the linear double- 
stranded DNA is selectively bound to the DNA- 

15 binding carrier at the step (a), and selectively iso- 
lated from the biological sample. 

6. A method according to claim 5, wherein the lysing 
solution additionally comprising a hydrogen bond- 

20 cleaving agent. 

7. A method according to claim 6, wherein the hydro- 
gen bond-cleaving agent is urea or formaldehyde. 

25 8. A method according to any one of claims 1 to 7, 
wherein the DNA-binding carrier is a mesh filter, 
beads, a fiber or a powder, comprising a material 
selected from the group consisting of glass, silica 
gel, anion exchange resin, hydroxyapatite, celite, 

30 cellulose and diatomaceous earth. 

9. A method according to any one of claims 1 to 8, 
wherein at least the step (a) is carried out without 7 
heating. 

35 

10. A method according to any one of claims 1 to 9, 
wherein the DNA-bound carrier is filtered or centri- 
fuged at the step (b) and the resulting carrier is 
washed with a rinse solution having a salt concen- 

40 tration higher than the precipitation inhibition-initiat- 
ing concentration, to separate the DNA-bound 
carrier from other components. 

11. A method according to claim 10, wherein the rinse 
45 solution has a salt concentration between the same 

and 2-fold concentration of the precipitation inhibi- 
tion-initiating concentration or the salt concentra- 
tion for solubilizing the total DNA, whichever is the 
higher. 

50 

12. A method according to claim 10 or 1 1 , wherein the 
carrier is washed sequentially in a rinse solution 
comprising an aqueous solution comprising a cati- 
onic surfactant and in a rinse solution comprising 

55 an aqueous solution comprising a volatile organic 
solvent. 

13. A method according to any one of claims 1 to 12, 
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14 



wherein the separated carrier is mixed with a lysing 
solution with the conditional composition for solubi- 
lizing DNA at the step (c), to dissociate the bound 
DNA from the carri r. 

14. A method according to any one of claims 10 to 13, 
wherein the rinse solution and/or the lysing solution 
comprises glycerol. 

15. A method according to any one of claims 1 to 14, 
wherein a mixture of the solution comprising the 
dissociated DNA and the carrier is subjected to 
solid-liquid separation at the step (d), to recover the 
dissociated DNA in the form of a solution. 

16. A method for isolating DNA contained in a biologi- 
cal sample, comprising 

(A) a step of supplying a solution comprising a 
DNA-containing biological sample, a salt, and a 
cationic surfactant, and having the salt concen- 
tration higher than the precipitation inhibition- 
initiating concentration, to a column with a 
DNA-binding carrier arranged on a membrane 
filter, said filter having a solution retention 
potency and a solution permeation potency 
under aspiration, to allow the DNA in the bio- 
logical sample to bind to the DNA-binding car- 
rier; 

(B) a step of separating the DNA-bound carrier 
from other components, by removing the lysing 
solution under aspiration from the column; 

(C) a step of supplying a DNA-dissociating 
solution to the column, to dissociate DNA from 
the carrier; and 

(D) a step of recovering a solution comprising 
the dissociated DNA, by separating the dissoci- 
ating solution under aspiration from the col- 
umn. 

17. A method according to claim 16, wherein the salt 
concentration of the lysing solution is below 2-fold 
the precipitation inhibition-initiating concentration or 
the salt concentration for solubilizing the total DNA, 
whichever is the higher. 

18. A method according to claim 16 or 17, wherein the 
biological sample is blood, a cell, or a biological tis- 
sue. 

19. A method according to any one of claims 16 to 18, 
wherein the cationic surf actant comprises at least 
one surfactant selected from the group consisting 
of cetyltrimethylammonium bromide, tetradecyltri- 
methylammonium bromide, dodecyltrimethylammo- 
nium bromide, and cetylpyridinium bromide. 

20. A method according to any one of claims 16 to 19, 



wherein the biological sample contains at least lin- 
ear double-stranded DNA and linear single- 
stranded DNA, and the linear double-stranded DNA 
is selectively bound to the DNA-binding carrier at 
5 the step (A), and selectively isolated from the bio- 
logical sample. 

21. A method according to claim 20, wherein lysing 
solution additionally comprising a hydrogen bond- 

w cleaving agent if used as lysing agent. 

22. A method according to claim 21 , wherein the hydro- 
gen bond-cleaving agent is urea or formaldehyde. 

15 23. A method according to any one of claims 16 to 22, 
wherein the DNA-binding carrier is a mesh filter, 
beads, a fiber or a powder, comprising a material 
selected from the group consisting of glass, silica 
gel, anion exchange resin, hydroxyapatite, celite, 

20 cellulose and diatomaceous earth. 

24. A method according to any one of claims 16 to 23, 
wherein at least the step (A) is carried out without 
heating. 

25 

25. A method according to any one of claims 16 to 24, 
wherein the DNA-bound carrier is filtered at the 
step (B) and the resulting carrier is washed with a 
rinse solution having a salt concentration higher 

30 than that of the precipitation inhibition-initiating con- 
centration, to separate the DNA-bound carrier from 
other components. 

26. A method according to claim 25, wherein the rinse 
35 solution has a salt concentration between the same 

and 2-fold concentration of the precipitation inhibi- 
tion-initiating concentration or the salt concentra- 
tion for solubilizing the total DNA, whichever is the 
higher. 

40 

27. A method according to claim 25 or 26, wherein the 
carrier is washed sequentially in a rinse solution 
comprising an aqueous solution comprising a cati- 
onic surfactant and in a rinse solution comprising 

45 an aqueous solution comprising a volatile organic 
solvent 

28. A method according to any one of claims 16 to 27, 
wherein the dissociating solution for use at the step 

so (C) is a solution with the conditional composition for 
solubilizing DNA. 

29. A method according to any one of claims 25 to 28, 
wherein the rinse solution and/or the lysing solution 

55 comprises glycerol. 

30. A method according to any one of claims 16 to 29, 
wherein the concurrent isolation of DNAs from mul- 
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tiple samples comprising DNA is carried out 
through multiple columns arranged on a plate. 
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Fig. 2 
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